INTRODUCTION
It is well known that exposure to ultraviolet radiation produces adverse effects: conjunctivitis and keratitis in eyes and erythema in the skin. In the workplace, there are various sources of ultraviolet radiation, such as welding arcs, germicidal lamps, photocopying machines and discharge lamps for chemical industry. Workers exposed to this radiation often suffer injuries. It is desirable to evaluate the ultraviolet radiation of each source from the viewpoint of industrial health. But, there have been few quantitative studies of such ultraviolet radiation.
At present, welding arcs are the most important sources, because the number of arc-welders and those who work nearby is very large and the rate of injuries by ultraviolet radiation among these workers is estimated to be as high as 80-90% .1) There are various arc-welding methods. Moreover, even for the same arc-welding method, many factors affect the radiation, such as types of base metal and wire, arc voltage, arc current, arc length etc. Normally, the intensity Ultraviolet radiation levels are represented as ultraviolet effective irradiance (UEI). This is the integrated spectral irradiance weighted against ultraviolet relative spectral effectiveness (URSE, action spectrum).
It indicates the degree of harmfulness of ultraviolet radiation as a function of wavelength. Different URSE can be defined depending on the radiation damage in question, for example, keratitis and erythema. For the same damage, moreover, different URSE may be derived from different biological data.
UEIs based on different URSE are The measurement in this study was made simultaneously with that of emission spectra (spectral irradiance) and blue-light effective radiance, as reported in reference (3) and (4), respectively. Table 1 (welding conditions) in the present paper is almost the same as the corresponding table in reference (3) and (4) 
METHOD
The UEI was measured for the 14 different welding operations shown in Table 1 . For convenience of description, each operation is subsequently referred to by the number or symbol in the left-hand column. These welding operations were conducted as they are actually done in the workplace, except for No. 10, TIG welding, where a filler metal was not used in order to simplify the experimental setup. The details of the welding operations are described in reference (3). The measurement configuration is shown schematically in Fig. 2 . An arc is struck and maintained between the fixed wire and the moving base metal on a turntable during measurement in order to fix the arc point, as detailed in reference (3) . The detector head of the ultraviolet-radiation meter is set at 45° from the horizon and at 1.5 m from the arc. Its detecting surface is aimed at the arc. consists of four to six successive measurements (exposure time 6 seconds each). Each set was started after experts on welding had made visually sure that the arc had been struck normally and had become stable and suitable for welding. The experimental and instrumental background was obtained in the same manner, except the welding arc was not struck, immediately before the start of each set of measurements.
For all the sets, however, it was less than 1 cpm and was neglected in the end.
RESULTS
The two figures for each welding operation in the column of UEI in Table 2 show the average (upper) and the coefficient of variation (lower) in percentages, i.e., the quotient of the standard deviation divided by the average, of 2 to 11 sets of measurement.
The UEI in this table is measured at 1 m from the arc; it was calculated from the measured value, assuming the inverse-square law. Table  2 with an asterisk.
The UEI-ACGIH in Table 2 is the product of the UEI multiplied by the corresponding calculated or estimated correction factor. From this the permissible exposure time per day in the table was calculated according to the recommendation of the ACGIH.5) It is obtained by dividing 3 mJ/cm2 by the corresponding UEI-ACGIH.
The UEI-ACGIH and the permissible exposure time which were derived using the estimated correction factor are indicated by an asterisk. It should be noted that the UEI-ACGIH and permissible exposure time in the table, as well as the UEI, are measured at 1 m from the arc.
DISCUSSION
Most of the obtained permissible exposure times per day in Table  2 range from several seconds to one minute. This indicates that the ultraviolet radiation is at a hazardous level for both those who conduct welding operation and those who work near it for the following reasons.
For welders, since they usually take their position at a distance of several tens of centimeters from the arc, the UEI-ACGIH they are exposed to would be several Assuming that they are usually several meters away from a welding arc, the UEI-ACGIH they are exposed to is lower than that in Table 2 and the permissible exposure times for them is longer. But it is still as short as one to several minutes and their added exposure time in a day would be likely to exceed it.
In order to prevent the exposure to the ultraviolet radiation at the start of welding, it is advisable for welders to use, beside the ordinary one, another filter glass which is transparent or light enough for welders to see through it with the arc off but cuts out all the hazardous ultraviolet radiation. A plate of ordinary glass (soda-lime glass) would serve this purpose.
If welders always wear it and put on ordinary filter glass over it after striking an arc, they are exposed to no ultraviolet radiation.
In the welding operations in this experiment, there are several groups: the group of shilded metal arc welding of the ilmenite type (Nos. 1 a, lb and lc), that of the low-hydrogen type (Nos. 2b and 2c), the group of CO, welding with solid wire (Nos. 3 and 5) and that of MAG welding (Nos. 4 and 6). In these the type of welding method and the chemical composition of the welding material are common but the diameter of wire, arc current and arc voltage vary. These parameters are not independent. The latter two generally increase with the former under optimum welding conditions.
In those groups, both the UEI and the UEI-ACGIH clearly increase with these parameters. In order words, the ultraviolet radiation hazards increase with the consumed electric power for the same welding, as might be expected. But, in all the welding operations in this experiment, the UEI or UEI-ACGIH is not correlated with the arc current, arc voltage or their product (electric power). This indicates that the type of welding method itself is one of the most impotant factors determining the ultraviolet radiation, as are the diameter of wire, arc current and arc voltage.
Making a comparison among Nos. 1 a-8, which are all welding of mild or stainless steel, it seems in general that the UEI-ACGIH for the welding without flux (Nos. 3-6) is higher than that using wire coated with flux (Nos. 1 a-2c) or using flux-cored wire (Nos. 8 and 9). It is difficult to think that the substances contained in the flux or the products which might be generated from them in the arc absorb ultraviolet radiation strongly, because the welding operations with and without flux differ too little in relative spectral irradiance.3) More probably the flux which is scattered in the air around the arc during welding operation intercepts the ultraviolet radiation geometrically. Finally, let us consider the ultraviolet-radiation meter used in this experiment. It was produced for the purpose of measuring UEI-ACGIH.
But it indicates not exact but approximate UEI-ACGIH because of the small disagreement between its relative spectral sensitivity and the URSE recommended by ACGIH.
In this experiment, the spectral measurement was made simultaneously,3) and the measured UEI was corrected using the results for some of the welding operations. But when we measure the ultraviolet radiation from various sources in the workplace with this ultraviolet-radiation meter, we must do without such a correction, because it is generally quite difficult to make spectral measurement in the workplace. Therefore, the degree of the deviation of masured value from the exact UEI-ACGIH is of great concern. It depends on the relative spectral irradiance of the radiation to be measured.
For instance, Nos. 3 to 6 in this experiment, which are CO2 or MAG welding of mild steel, have almost the same relative spectral irradiance3) (Fig. 3) and have a correction factor of 1.1 in common. This means that the deviation of measured values is 10% for these welding operations. This would be practically permissible, compared with the coefficients of variation obtained for them, 8-41% (Table 2) . On the other hand, the relative spectral irradiance of No. 9, MIG welding of aluminum3) (Fig. 4) , is quite different from that of the above welding operations, and its correction factor is as large as 1.4. So the ultraviolet-radiation meter underestimates ultravioletradiation levels by 40% . Therefore, it is dangerous to accept measured values unconditionally for this welding. It is concluded that the ultraviolet-radiation meter used in this study is applicable to the measurement of radiation in which the intensity is distributed widely in the ultraviolet spectrum, as in Fig. 3 , but is unsuitable for measuring radiation in which the intensity is localized around only several wavelengths, as in Fig. 4 .
